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Abstract Although studies have addressed the chemical
analysis and the biological activity of oleoresin in species
of Copaifera, the cellular mechanisms of oleoresin pro-
duction, storage, and release have rarely been investigated.
This study detailed the distribution, ontogeny, and ultra-
structure of secretory cavities and canals distributed in leaf
and stem, respectively, of Copaifera trapezifolia, a Bra-
zilian species included in a plant group of great economic
interest. Axillary vegetative buds, leaflets, and portions of
stem in primary and secondary growth were collected and
processed in order to study the anatomy, histolocalization
of substances, and ultrastructure. Secretory cavities are
observed in the foliar blade and secretory canals in the
petiolule and stem. They are made up of a uniseriate epi-
thelium delimiting an isodiametric or elongated lumen.
Biseriate epithelium is rarely observed and is a novelty for
Leguminosae. Cavities and canals originate from ground
meristem cells and the lumen is formed by schizogenesis.
The content of the cavities and canals of both stem and
leaf is oily and resinous, which suggests that the oleoresin
could be extracted from the leaf instead of the stem.
Phenolic compounds are also detected in the epithelial
cell cytoplasm. Cavities and canals in the beginning of
developmental stages have polarized epithelial cells. The
cytoplasm is rich in smooth and rough endoplasmic reticula
connected to vesicles or plastids. Smooth and rough
endoplasmic reticulum and plastids were found to be pre-
dominant in the epithelial cells of the secretory cavities and
canals of C. trapezifolia. Such features testify the quantities
of oleoresin found in the lumen and phenolic compounds in
the epithelial cell cytoplasm of these glands. Other studies
employing techniques such as correlative light electron
microscopy could show the vesicle traffic and the com-
partmentalization of the produced substances in such
glands.
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Introduction
Copaifera trapezifolia Hayne occurs in an extremely dev-
astated region, the Atlantic Rainforest, where only 7.5% of
primary vegetation remains (Myers et al. 2000). The
Atlantic Rainforest is considered to be one of the most
endangered tropical forests on the planet, one of the hot-
spots of global biodiversity, and a priority for conservation
at the global level. Although under major threat, it still has
areas of great biological importance which need to be
protected and expanded (Reserva da Biosfera da Mata
Atlaˆntica, RBMA 2003). For these reasons, morphological,
physiological, and ecological studies are important for the
preservation of species and their natural environment.
Copaifera comprises nearly 35 species (Lewis et al.
2005), and its representatives are noted for their economic
importance (Veiga et al. 2007). Drilling into the trunk
releases an oleoresin useful in folk medicine, mainly due to
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anti-inflammatory and cicatrizant properties (Braga et al.
1998; Veiga and Pinto 2002; Falca˜o et al. 2005). This
oleoresin is rich in terpenes, mainly diterpenoids (Braga
et al. 1998; Monti et al. 1999). It can be used in its pure
form or as a component in the preparation of a variety of
therapeutic products and cosmetics. The essential oil is
extracted by distillation, and the aroma used by the per-
fume industry (Veiga and Pinto 2002). The oleoresin seems
to play a role in plant defense against attack by animals,
fungi, and bacteria (Alencar 1982).
Secretory canals are described as being responsible for
producing, storing, and liberating the oleoresin of ‘‘copaı´-
bas’’ (Marcati et al. 2001; Veiga and Pinto 2002). They are
characterized as elongated and internal structures, con-
sisting of a secretory epithelium surrounding a lumen. The
content is produced in epithelial cells and released to the
lumen, where it is stored (Fahn 1979). In addition to canals,
secretory cavities (similar in structure but with isodiametric
lumen) were also observed in seedlings and young indi-
viduals (primary structure) from Copaifera langsdorffii in a
recent work by Rodrigues et al. (2011).
Secretory canals and cavities have been little studied in
Leguminosae. The occurrence of canals (elongated lumen)
and cavities (isodiametric lumen) was recorded in species
of Caesalpinia sensu Bentham (Lersten and Curtis 1994),
Copaifera (Alencar 1982; Marcati et al. 2001; Rodrigues
and Machado 2009; Rodrigues et al. 2011), Dahlstedtia
(Teixeira and Gabrielli 2000), Hymenaea (Lee and Lan-
genheim 1975; Paiva and Machado 2007), Lonchocarpus
(Teixeira et al. 2000), Myrocarpus, Myrospermum, My-
roxylon (Sartori and Tozzi 2002), and Pterodon (Paiva
et al. 2008). Such structures are reported for all plant
organs, especially the aerial (Teixeira and Gabrielli 2000;
Teixeira et al. 2000; Paiva and Oliveira 2004; Rodrigues
and Machado 2009; Rodrigues et al. 2011), and originate
from protoderm cells (Turner 1986; Paiva and Machado
2007) or ground meristem (Teixeira and Gabrielli 2000;
Teixeira and Rocha 2009). The lumen is usually esquiz-
ogenously formed (Turner 1986; Marcati et al. 2001;
Teixeira and Rocha 2009), but can occur lysogenously
(Paiva and Machado 2007; Paiva et al. 2008). Secretory
epithelial cells have thin pectocellulosic walls, dense
cytoplasm, and prominent nucleus (Teixeira and Gabrielli
2000; Teixeira and Rocha 2009; Rodrigues et al. 2011).
Although many studies have addressed the chemical
analysis and the biological activity of oleoresin in species of
Copaifera, the morphological characterization of oleoresin-
secreting structures have rarely been exploited. Hence, the
present study aims to fill that gap in our knowledge, elu-
cidating the distribution, morphology (structure and ultra-
structure), and development of oleoresin-secreting glands in
the leaf and in the stem of C. trapezifolia.
Materials and methods
Axillary vegetative buds, leaves (median, apical and mar-
ginal regions of foliar blade, and petiolule), and small
portions of stem in primary and early secondary growth
were collected from three individuals in the Botanical
Garden of Rio de Janeiro, RJ, Brazil. The voucher was
deposited into the herbarium SPFR (Universidade de Sa˜o
Paulo, Sa˜o Paulo State, Brazil) under the accession number
12159.
Collected material was used fresh or fixed, according to
the techniques described below.
The distribution, content, and anatomical characteriza-
tion of secretory structures were analyzed in histological
semi-permanent and permanent slides.
To obtain the semi-permanent slides, material was sec-
tioned freehand from fresh leaves and stems, stained with
ferric chloride 10% to detect phenolic compounds
(Johansen 1940), Sudan III 0.5% to detect lipophilic sub-
stances (Sass 1951), Astra Blue 1% and Safranin 1%
(9:1—v/v) to detect cell wall polysaccharides (Kraus and
Arduin 1997), and cupric acetate 7% to detect resin (Jo-
hansen 1940), and mounted in glycerin jelly. Some sections
were unstained in order to verify the natural color of the
secretion.
To obtain the permanent slides, material was fixed with
formalin-ferrous sulphate (Johansen 1940) for 24 h, dehy-
drated in ethyl alcohol series, embedded in paraffin, sec-
tioned (6–8-lm thick) in Leica RM 2245 rotary microtome,
stained with Astra Blue 1% and Safranin 1% (9:1—v/v)
(Kraus and Arduin 1997), and mounted in synthetic resin.
The shape of foliar glands in the frontal view was ver-
ified in the entire leaf, treated with sodium hydroxide 5%
and sodium hypochlorite 30%, washed with distilled water,
dehydrated in gradual alcohol-xylene series, stained with
Safranin solution 1% in alcohol-xylene and mounted in
synthetic resin (Monteiro et al. 1979).
Photomicrographs were taken using a Leica DM 4500
photomicroscope.
Details of epithelium cells in several developmental
stages were observed through ultrastructural analysis after
the material was fixed with Karnovsky’s solution (0.075 M
in phosphate buffer, pH 7.2–7.4, for 4 h) (Karnovsky
1965), postfixed with osmium tetroxide (1% in the same
buffer for 1 h), dehydrated in an acetone series, and
embedded in Araldite. Ultrathin sections were stained with
2% uranyl acetate for 15 min (Watson 1958), followed by
lead citrate for 15 min (Reynolds 1963), and then exam-
ined and illustrated using a Philips EM 208 electron
microscope.
The terminology adopted was according to Fahn (1979,
1988).
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Results
Gland distribution
Secretory cavities occur in the foliar blade (Fig. 1a, b), and
secretory canals occur in the petiolule and stem in primary
(Fig. 1b, c) and early secondary growth.
Secretory cavities are of several sizes and distributed
along the apex, margin, and middle region in the foliar
blade (Fig. 1a). Four to five secretory cavities occur per
areola (Fig. 1a). They are located between palisade and
spongy parenchyma in the mesophyll (Fig. 2a, b), and are
embedded in the cortical region of the abaxial surface in
the midrib.
Secretory canals, with a more elongated lumen
(Fig. 1c), are embedded in the cortex, near the rib, of the
petiolule (Fig. 2c). In the stem in primary growth, they are
embedded in the cortex and medulla (Fig. 2d). In the stem
in early secondary growth, they are still in the cortex and
medulla (Fig. 2e). No canals are observed in the vascular
tissue region.
Gland content
The content fills the entire lumen of secretory cavities and
canals. It is constituted by lipophilic and resinous sub-
stances (Table 1), being similar in foliar blade (Fig. 2a, b),
petiolule (Fig. 2c), and stem (Fig. 2d, e). In addition to
content stored in the lumen, phenolic substances accumu-
late inside small vacuoles of epithelial cells (Table 1).
Gland development
Developmental stages of secretory cavities and canals in
the leaf and stem are also similar and are described toge-
ther below.
The glands arise from cells of the ground meristem. A
cell from the ground meristem divides in a periclinal plane
(Fig. 3a), followed by anticlinal divisions in the daughter
cells (Fig. 3b, c). Lumen is formed schizogenously, when
the young cavity/canal is four-celled (Fig. 3d). As the
lumen increases in diameter, the daughter cells continue to
divide anticlinally, increasing the number of cells in the
epithelium (Fig. 3e). Remnants of the middle lamella can
be observed in this stage. During these divisions, cells are
thin-walled, have dense cytoplasm containing mitochon-
dria, rough and smooth endoplasmic reticulum and plas-
tids; the nucleus is centrally located and lobed, with a
conspicuous nucleolus.
The differentiated gland is formed by a secretory epi-
thelium, usually uniseriate, delimiting a lumen (Figs. 3e,
4a). Biseriate epithelium is rarely observed. Epithelial cells
exhibit the nucleus located near the inner periclinal wall
(Fig. 4a). Plasmodesmata occur in the anticlinal walls
connecting epithelial cells (Fig. 4b). Microfibrils are
loosely arranged within the anticlinal cell walls (Fig. 4a).
The epithelial cell cytoplasm is rich in mitochondria, vesi-
cles, and smooth and rough endoplasmic reticulum. Smooth
endoplasmic reticulum is connected to vesicles (Fig. 4b)
Fig. 1 Photomicrographs showing the distribution and shape of
secretory cavities (arrows) in the leaf lamina (a), axillary vegetative
bud (b), and stem (c) of Copaifera trapezifolia. Scale bars a,
b = 100 lm; c = 200 lm
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and plastids (Fig. 4c). Few dictyosomes are observed
(Fig. 4c). Rough endoplasmic reticulum is largely observed
in the epithelial cells of stem cavities, whereas smooth
endoplasmic reticulum is mainly observed in those present
in the leaf. Vesicles of different appearances (electron-
dense and electron-opaque) (Fig. 5a) are produced in
reticulum and coalesce to form vacuoles (Figs. 4a, 5a).
Substances are found inside the invaginations of the plas-
malemma, with membrane fusion (Figs. 4a, 5a), and also
inside the anticlinal and inner periclinal cell wall microfi-
brils (Fig. 5b).
At the end of the secretion process, epithelial cells
become vacuolated (Fig. 3f). Vacuolation is not synchro-
nized in the epithelium of the same cavity/canal.
Fig. 2 Photomicrographs
showing the content of secretory
cavities in the leaflet (a–c) and
stem (d–e) of C. trapezifolia.
Resin content evidenced by
reaction with cupric acetate in
cavities embedded in the
mesophyll (a), in the petiolule
cortex (c), and in the medulla
(d, black arrow) and cortex
(d, white arrows) of the stem in
primary growth. Lipophilic
content evidenced by reaction
with Sudan III in cavities
embedded in the mesophyll (b),
and in the medulla (e, black
arrow) and cortex (e, white
arrows) of the stem in
secondary growth. Scale bars
a–d = 70 lm; e = 150 lm
Table 1 Detection of substances inside the lumen and epithelial cells of secretory cavities and canals of Copaifera trapezifolia
Vegetative organs Reagents
Cupric acetate
(cavity/canal
lumen)
Cupric acetate
(epithelial cell)
Ferric chloride
(cavity/canal
lumen)
Ferric chloride
(epithelial cell)
Sudan III
(cavity/canal
lumen)
Sudan III
(epithelial
cell)
Leaf lamina
Mesophyll ? (Fig. 2a) - - ? ? (Fig. 2b) -
Midrib ? - - - ? -
Petiole ? (Fig. 2c) - - ? ?
Stem (primary structure)
Cortex ? (Fig. 2d) - - - ? -
Pith ? (Fig. 2d) - - - ? -
Stem (early secondary structure)
Cortex ? - - - ? (Fig. 2e) -
Pith ? - - ? ? (Fig. 2e) -
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Discussion
Representatives of C. trapezifolia exhibit secretory cavities
in the leaf and secretory canals in the stem, in agreement
with reports for other species of the genus (Veiga and Pinto
2002; Rodrigues et al. 2011). The morphology, origin, and
developmental stages of secretory cavities and canals of
C. trapezifolia are similar to those described in the litera-
ture for other genera of Leguminosae (Lersten and Curtis
1994, 1996; Teixeira et al. 2000; Sartori and Tozzi 2002;
Teixeira and Rocha 2009), as well as for other families
(Anacardiaceae—Joel and Fahn 1980a, Asteraceae—
Lersten and Curtis 1986, Rubiaceae—Vieira et al. 2001).
However, the occurrence of cavities with biseriate epithe-
lium in C. trapezifolia (this study) and C. langsdorffii
(Rodrigues et al. 2011) is a novel finding in Leguminosae.
In addition, the liberation process in secretory cavities and
canals in species of legumes studied is diverse, considering
Fahn’s concept (1979): granulocrine in C. trapezifolia
(present study), holocrine in C. langsdorffii (Rodrigues et al.
2011), and ecrine in Pterodon pubescens (T. M. Rodrigues,
personal communication).
The lumen formation is a process that has generated
much controversy in the literature. Schizogenesis in
C. trapezifolia was confirmed by ultrastructural analysis,
which showed no degradation of epithelial cells but only
the dissolution of middle lamella. Schizogenesis is com-
monly reported in Leguminosae (Turner 1986; Marcati
et al. 2001; Teixeira and Rocha 2009). However, cases of
lysogenesis have been described in species of Hymenaea
(Paiva and Machado 2007) and Pterodon (Paiva et al.
2008). An overlap of schizogenesis and lysogenesis was
reported in C. langsdorffii by Rodrigues and Machado
(2009) and Rodrigues et al. (2011) after ultrastructural and
Fig. 3 Drawings showing the
developmental stages of
secretory cavities in the leaf and
stem of C. trapezifolia. a First
periclinal division of the ground
meristem cell resulting in a two-
celled cavity. b Second
anticlinal cell division resulting
in a three-celled cavity. c Third
anticlinal cell division resulting
in a four-celled cavity. d Lumen
formed by schizogenesis.
e Differentiated cavity. f Cavity
with senescent epithelial cells.
Scale bars a–f = 10 lm
Fig. 4 Electromicrographs (transmission electron microscopy,
TEM) of the epithelial cells of secretory cavities in the leaflet of
C. trapezifolia during the production of oleoresin. a Differentiated
cavity showing the lumen (lu) surrounded by epithelial cells (ce).
Nuclei (n) are located near the inner periclinal wall. The arrows
indicate vesicles traversing the anticlinal and inner periclinal walls.
b Detail of the vesicles (v) associated with the smooth endoplasmatic
reticulum (ser). Note a plasmodesmata. c Detail of plastids (p) asso-
ciated with the smooth endoplasmic reticulum (ser). Note a dictyo-
some (d). Scale bars a = 20 lm; b, c = 0.5 lm
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immunohistochemical (TUNEL) studies, which indicated
the programmed cell death of epithelial cells. Turner
(1999) had previously drawn attention to the misinterpre-
tation of artifacts (result of the employment of some fixa-
tives) as cell lyses and recommended caution in the study
of lumen origin.
The content found in the lumen of leaf secretory cavities
of C. trapezifolia is similar to that found in the stem
secretory canals, being oily and resinous, confirming pre-
vious studies of other Copaifera species (Veiga and Pinto
2002; Rodrigues and Machado 2009; Rodrigues et al.
2011). The phenolic compounds found in the cavity/canal
epithelial cells of C. trapezifolia (present work) and
C. langsdorffii (Rodrigues et al. 2011) deserve future
studies of biological activity, since these compounds lar-
gely found in legumes have presented medicinal properties
(Santos and Mello 2007).
The same type of secretory structure can produce and
release different substances (Joel and Fahn 1980c; Rodri-
gues et al. 2011), as in the case of oil, resin, and phenolic
compounds in species of Copaifera. In C. langsdorffii,
Rodrigues et al. (2011) observed oleoresin in the stem but
not in the leaf, indicating the importance of the identifi-
cation and comparison of the secretory content in different
organs. Another example is given by May and Barata
(2004), in which the oil produced in the idioblasts of Aniba
rosaeodora (Lauraceae) stem and leaf has a similar
chemical composition. Therefore, comparative studies of
the production, storage, and release of the oleoresin in each
plant organ are essential in order to avoid the predatory
extraction of economically important substances in the
stem, especially due to the great exploitation of the forest
species for economic purposes (Veiga et al. 2001).
In this study, smooth and rough endoplasmic reticulum
and plastids were found to be predominant in the epithelial
cells of the secretory cavities/canals of C. trapezifolia. Such
features testify the quantities of oleoresin found in the
lumen of these glands. Several authors mention that the
endoplasmic reticula and plastids are predominant cyto-
plasmic organelles of secretory cells associated with resin
secretion (Benayoun and Fahn 1979; Joel and Fahn 1980b;
Paiva et al. 2008; Rodrigues et al. 2011). The abundant and
hypertrophied smooth endoplasmic reticulum seems to be
involved in lipid synthesis (Fahn 1979, 1988; Staehelin
1997; Monteiro et al. 1999; Teixeira and Rocha 2009;
Rodrigues et al. 2011) and rough endoplasmic reticulum
in phenolic production (Parham and Kaustinen 1977).
Future studies employing recent techniques such as cor-
relative light electron microscopy (CLEM) could solve
interesting aspects of vesicle traffic and compartmentali-
zation of the oleoresin produced in secretory cavities of
C. trapezifolia.
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